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humidity and of evaporation deserve special note. The 
lack of relationship between the graphs of these two 
kinds of data is clearly seen and the employment of rela- 
tive humidity indepenclent of temperature is obviously 
of little importance in evaporation and transpiration 
studies . 

No attempt will be made a t  this time to show just 
why or how this approximate relation holds true or to 
discuss any evaporation formulas. The present purpose increase of altitude. 

INCBEASE OF PBECIPITATIOB WITH ALTITUDE.' 
BY ALFEED J. HENEY, Meteorologist. 

[Dated: Westher Bureau. Washington, Jan. 11,lcllQ.] 

Thirty-odd years ago, when the irrigation of arid 
regions in southwestern United States was first seriously 
considered, much embarrassment was caused by lack of 
definite knowledge as to the increase of precipitation with 
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is to present the resu1t.s of a number of experiments that 
were rarrictl out with the object of testing this particular 
relation suggested b Livingston. This paper IS mainly 

how relative humidity and t,emperature data, together 
with those of wind velocity, may be used ap arently to 

help make a large aniount of the valuable data collected 
by the Weather Bureau more directly usdul to his par- 
t~culsr needs. 

intended for the eco P ogist. A suggestion is given as to 

as good advantage as eraporat.ion data. I his should 

1 0 8 2 6 8 - 1 M  

For the sake-of brevity, the relation between the in- 
crease in precipitation in connection with increasing alti- 
tude above sea lcrel will be referred to hereafter in this 
pa er as the " precipitation-altitude relation." 

fn  the absence of age records, various methods have 

the most conimon one being based on considerations of 
vegetal cover and topography. 

been used to interpo k ate the rainfall of higher altitudes, 

'Read Woretha drrodotion OlAmerhu Qeographars, Baltimore, Yd., Dee. !t7,1918. 
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In  recent ears an organized effort has been made b 
the United H tates Weather Bureau to extend availab P e 

snow, in the higher elevations in t R e United States, 
information as to the depth of preci itation, especially 

mainly west of the 100th meridian. In  various other 
ways the number. of gauge records for elevated statioils 
has increased. Since a more comprehensive knowledge 
of the subject will be immensely useful and practical, it  
is roposecl to make a brief study of these now records 
an 9 esisting old records in connect,ion with those of the 
adjoining lowlands and to set forth the results in this 
pa er. 

h e  general law of  increase of precipitation with in- 
crease of altitude, as stated by Hanii, has not been modi- 
fied by recent studics, but i t  is now ossible to analyze 
the effect of altitude in a little more B etail than was tlie 
case 25 years a.go.’ 

Ham states 3- 

The cause of the increase of winter precipitation in moderate alti- 
tudes is to be sought i n  the fact that in coye  uence of topographic 
features o r o q p h i c  rains, c?lled by Angot &ies de relief,” first 
increase with iucrensing altitiide, then decreme. There is therefore 
a level or zone of mnximum precipitation above which the increasing 
frequency of precipitation does not counterbalance the diminution in 
its intensity. The ascending air masses become contiiiually colder 
and drier, and their precipitatious are therefore a h a y s  want. In the 
greatest altitudes precipitation is in  a form of fog or finely pulverized 
snow. 

The altitude of the zone of maximum precipitation clepenc!~ npon 
the average condition of satiiration of the ascending air masses. their 
relative humidity, and the temperature a t  which conclemition hryins. 
I n  n inter great relative humic1it.y and low temperature togqther unito 
to depress the level of the maximum zone of precipitztion; in summer 
dry au and high temperature elevate it. 

It has been my espericiice that there is niore or less 
confusion in some mincls cis to the facts above set forth, 
more particular!y ns to tlie existence of a zone of niasi- 
nium prec.ipjtation. above which precipitation decreases 
with increa.sing altitude. It is rtkther curious how such 
confusion should arise, in view of the well-known fact 
that the greater tlie elevation tlie lower the air tmiprra- 
ture, and consequently the less the capacity of space at  
the higher elevations for moisture. 

The most favorable conditjons for an increase in pro- 
ci itation with increase in ndtitude, viz, saturated air and 
re P atively high temperature, are found in the Tropics. 

INDIA. 

Probably the most familiar illustration is that affordcd 
b - the station of Cherrapunji, in the 1Ch:isi Hills of Assani. 
Tiis stsation is situated 011 the eclge of a plateau o~-erlook- 
ing the plains of Sylliet 4,000 feet (1,319 m.) below. 
Some uncertuint as regards the amount of the true iiver- 

a o and has not yet been cleared away. The consensus 
o ! opinion, however, is that the t.rue nveraqt? is closc t.o 
500 lnches (12,700 mm.) annually instectd ot 600 (15,240 
mni.), as given in many of the earlier publicntions. 

For our purpose it may be placed at  500 inches (12,700 
mm.) and the average of the plains below a t  100 inches 
(2,540 rnni.). Accordingly, we hare an increase of 400 
inches in a vertical distance of 4,000 feet, or a t  the rate 
of 100 inches per thousand feet (S30 mm. per 100 ni.). 
This extraordinary increase must be considered as a purely 
local phenomenon due largely to the high temperature and 
moisture content of the air and the abruptness of the 
slope up which it is forced. 

age minual rain f a.11 a.t the station arose about 25 years 

So far as known the natural conditions in no other 
part of tho world are so favorable for a very great in- 
crease in the rainfall with increasiq altitude, escept, 

erhaps, on the western Ghats and u1 portions of the 
PIawaiian Islands. 

I quote the following from an a,bstract of a aper on 
”The Tata Hydro-electric Power-supply Wor K -s, Bom- 
bay,” by R. B. Joyner, published in &atwe, London, 
NOV. 21, 19lS, pp. 236-7: 

“The inonsoon rain on the western Ghats, though always hnavy, is 
very variabla: in  aniount. Thc least annual amount during the last 
4s ycais was SO inch. s on the edg- of th* DPccan plain, and the grt:atr st 
aniount during t.he past 11 yvars, in  which sp.cial gaug’.s have been 
fixe,d, on hilltcps as w+ll as in  plains is 54G inchcs, which fell in  a 
littlp more than thrw months, 4CiO iiichrs falling in about two months. 
Thc n~inimuni fall of 83 iiichrs is vwy crccptional, and the maximum 
giv1-n niay b~ ,-qudly so. * * * 

“The aniuunt of 541; inch‘s mcasurccl a t  one hill stat.ion in the lakes 
cet.rhnimt is nnt niow than has h e n  measured in two or t.hreo out of 
thi. prist 30 orlrl yvam at  Chi rrapunji, in  the Assani Hills, which has 
thi? hrari.-st rainf:tll hithl rto known: ljut t.hcri. rain falls during si’vcn 
xnunt.hs of thr? yter, so t.hat the amount mcasurcd for this work for that 
particular year may rlaiiii to bc thr  hcaviist rainfall ever yet nicas- 
u r d .  

“The wnrlrs [to  upp ply Ilnnil.lay with 100,000 horscpowcr for 10 or 
12 hours a dsv during about nint. nionths of the ymr] are probably 
unique, consitlr ring blic w r y  11:- avy rainfall and the w r y  stpt rocky 
s1r.p s, giving thr  grtatcst discharp p.rhaps c w r  r-xordc!. The 
cat.c.hnltnt nr, a of thc t,wo h k i s  is only 1Gi squarr. milts, while of 
this the full lnkrs s.r, a is about. 74 q u a r e  niil.-s. * * * 

“The na t r r  afttr us~i is m.nilablt? for irrigation, so va1ual:lle in  a 
country without a drvp of rain for a large part of the year. [Thus the 
nion~uvii rains in t.l;rw or four nionths will sopp!y the coast. people 
with writ: r, food. lights, raw niatirisls, prmer for manufacture, power 
fur n!aking f..rtiliz.. r, and powtr for transportation.]” 

It i: intere3tiqg to note the very striking change in 
the nltitucle-i)recij)itatinii relation which takes place in 
passing from a region of moi .t air, mo,tly under cyclnnic 
cnntrol, to 11 rcgioii of dry air, mo.stly under nnticyclonic 
control. Tho \ve;t con.st of Africa hel!)w latitude 20’ 
Ssuth i.3 a case in pint’ .  At Port Nollotli, on tho coast, 
latituclc 29’ 16’ S:)uth, the average annual procipitntion 
is but 3.7 inchc-:. At Klipfontein, about 45 mile; inland, 
rienr the t iy -1  of tho plnteau, nt an eleva.tion of 3,054 feet, 
the average i; 9 inchw, a.nd the rate of increase with 
increase in alt.itutle is thereftwe barely 3 inche; per thou- 
sand feet, (17 mm. per in0 meters), a< commred with 100 
inches a t  Cherrapunji. The west coast of South America 
also affords example! of a ver smJ1 increa.;e in precipi- 
htion with increase in altitu dy e. 

JAVA. 

Rnthei- recently there has come to hand a Rainfall 
ht,las of Java.’ Tliia work contn.ins tablcs of the 
nioiit,hly and a.nnual prcr.i.,)itation for 1,061 stations in 
Jnva., ninny of the seric: of observations covering periods 
from 15 t c i  33.pyw.s in length. 

The orogrq~  i i ~  fea.tlme..; of Java in connection with the 
wind system of t ho  islnnd conspire to produce excellent 
esaniplea of the inlfiuence of topography upon rainfnll. 
The slcvntctl regions of the island are found in the central 
part, with n gc.ne.t-nl onst-wcst trend. The mountain 
system i< lint cont,inu:iw. liut ccmsists rather of a lnrge 
nuniher of nmre or less i;wl:it,ed volcanic summits ranging 
in nlt,itude from 1,000 to 3.000 niet,ers (3,281 to 9,S42 
feet,), only ti small number of which esceed 3,000 nicters. 
On the slope.;; of the:;e suinniits and the ridges rndiating 
tlierefrom tho strennis of the island tske their rise, flow- 
ing generally directly to sen. The northern coastal plain 
_- -- 

a Two ns1:hSorfoq places wlth the s3me total raiafall mav diiTer consldrrably In lndi- 
vidual months. rhus In Esseer Knplond Halstead at 139 leet atme sea lerrl ets more 
rain in moliths with over 50 diu but Ihss in months wlih uiidl‘r 25 mm &ai; does 
Ridgewell at 269 feet. (P. J. O d e v ,  M. 0. Circ. 13 June 23, 1917, pp. b4.j-C. F. D. 

4 Resilts of Rainfall Observatlnns in Java bv Dr. W-. Van Remmelrn Ratavir 1914. 
13. C. Wallis his written an illliiiiinitin?,liuclussion ofthe rainfall of Java’in the Scbttish 
Geowailhlral $far.. 1917.33: 105-119. Maw.dlam.,  bihliog. There Is also a g‘ood illu8- 
tntcd review of thlu bv Prof. Mark JeRerson in Geogr. Bev., New York, June, 1918.5: 
4Q2-495. 8 Lahrbnch der XeteorologIe, 3d editlon, Lelpdg, 1615. 
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is much more extensive than the southern, and the streams 
are more important, both physically and economical1 . 

There are two rainfall seasons-fist, that of the nortl- 
west monsoon, October to March; and, second, that of 
the southeast momoon, April to October. In April and 
May the wind is variable; June, July, and August are the 
months of the settled southeast monsoon. The change 
to the northwest monsoon usually takes place in October, 
at time; as early as September or as late as November. 
Although the rainfall of the northwwt monsoon is 
greater than that of the southeast, yet points a t  sea level 
on the north coast receive Ie4s rninfnll than points at sea 
level on the south coast, e;pecinlly in the western part of 
the island. This is probably duo to orographic control. 
As might be expected, the island presents many excep- 

tions to the general precipitation-altitude relation. Some 

mm. 
1,%!9 I 100 7kilometerssoirth from northeast. 

176 Norlh cmt.  ]hii i .  
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FIG. l.-Prsdpitation-e!titude relapn, Java and Ha-. Solid lines-Proflb of WBP 
tioar. Dashed hna~-ReIative amount of predpitatiau in perceatngea. 
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100 Near the south c o s t .  
126 8 kilometers mrth from sovth c a d .  
138 1 4 kilometers sm?th of Kpndellg 

(1.3iO meters) and 56 kilometers 
NNE. from coast. 

of these exceptions will doubtloss be better understood 
upon a fuller disclosure of the details of exposure to the 
rain windq, and also of the effect of the general relief of 
the island upon the rainfall. 

A cursory examination of the data seems to indicate 
that the northwest or winter nioiLsoon does not cast a 
masked rain shadow over the leeward slopes. The rain 
shadow of the summer monsoon is much better defined. 

I have selected from tlie records in Van Bemmelen's 
work those which serve to form a rainfall profile across 
the western portion of the island, beginning with the sta- 
tion Batavia a t  sea level-nnnual mean 1,839 mm. 
1.) Considering that amount as unity, or 100 per cent, 
have computed the relative amounts a t  points with 
increasing elevation as one passes inland from the coast 
and approaches the divide. No observations are avail- 
able for the divide, but I have formed a second profile 
from the south const leading inland to as near the divide 
as the available records permit. 

cFi? 

~~ ~ 1 i PreciLitat~on. 

Station. Altltude. , Mean. Rnlatlve . 3nnlld amount. I-,-,- 

The results are given in Table 1: 

Location. 

TABLE 1.-Java rain p r o j k ,  umt end. 
North skk-heghning at Balavia. See Fiywe 1 .  

mm. i 
j 100 

69 I 1% 

O n t h e c m t .  . 
On the plain of D atllawang. 
14 klloln~,terS 656. Sembmg (l,4F3 

meters). 

Bendcengm .... 1 1'3 

Pasir Pogor.. . .' 1s 
Tspos .......... I IS 

1 

---I-I-I 

South side-Residmcy prGanger regcntschappen. 

Tendjoresmi.. . . 11 
Tjipari .._.__._. 15 
Panda11 Aroem. 11 

Another cross section starting in the Province of 
Pekalongan at the city of the same name at  an aititude 
of 9 meters nbore sea level and distant therefroiii only 
2 kilometers, proceeding south-southeast up the slopes of 
the mountain ridge dominated by two summits, Prnhoe 
(2,5G5 metela) aut1 Slamak (3,427 meters), gives the 
relative amoi1nt.s shown in Table 2: 

TABLE 2.-Java rain pzofile. 
North side-beginwing at Pekalongan, and proceeding south-soulheart. 

I Helallve ' 

talion. 
Altitude. I preri. I- I Loeatlau. 

700meters ......I 291 i 
I 720meters ...... i 317 

I 

1,mmeters .....I mi 1 
At Pekalon@m. 
Swith border of northcoast lain. 
e kllometerr NW. B a r  (1,& meters) west slope Eengka- 

r w m  Valley 
10 'kiiomet& NE. Prabata (1,572 meters!, East Hope 

Eiwpa*ig Vdle 
9 Ikil.imetcrs i&. Prabata (1.572 meters). Fast f1or.e . .  

T<unaon. Valley. 

g m  (2,176 meters). 
2 !cil,,mot&s SSK. Prabata,5ktlametersN. Ragadjemban- 

South S ide -Re~deny  Banjo-. 

The observatory station Kranggan, with but seven 
years' observations, gires the greatest average precipita- 
tion in Java. It is situated 45 kilometers from the south 
coast on the headwaters of two smdl streams, evidently 
close to, but to the south of, tlie main divide between 
the nortli and the south drainnge, respectirely. 

Theelevationof the station and the adjacent topography 
do not seem to warrant the espectancy of so great a 
rainfall. Although henvy rains occur in all months of 
the year, the season of great,est rain is in the northwest 
monsoon; the maximum falls in October, 1,200 mm. 
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Mm. 
3 ‘205 
3’811 

2 879 

3:392 

2’923 
si552 

a’399 

(47.2 in.), and the minimum in June, 323 mm. (12.1 
in.). The resence of Semboeng, 5 kilometers NNE., 

heavy prucipitation. The station Djelegong, also on the 
southern slope, altitude 747 meters (?,451 feet), about 
30 kilometers ENE. of Kranggan, and 13 kilomcters 
east of Slamet, 3,427 ni. (11,343 feet), has an annual 
mean precipitation of 6,OS9 mm. (839.72 in.). The mini- 
mum at this stntioii falls in Jul and August when the 

in January and December, thus indicating that the north- 
west monsoon does not cast a well defined rain shadow 
to leeward. 

I have computed the average annucd precipit.ation for 
six residencies in Java, in zones of increasing altitude 
be inning at sea lavel. The altitude intervals are as 
fol 7 ows: 0-100 meters, lOl-2ho meters, 201-300 meters, 
301-500 meters, 501-750 meters, 751-1,000 meters. 
1,000 + meters. 

When the number of stations in any zone is smnll- 
less than 6--the minimum weight should be iven the 

zone 1,000+ meters, appears the average 5,061 mm. 
(199.2 in.). This value was computed from the records 
of but two stations,one of them had an average of 3,591 
nim. and the other 6,531 mm., combined mean 5,061 nim. 
as given. i n  this case both stations were a t  pract.icnlly 
the same elevation, but one of t.hem was favorably situ- 
ated to receive heavy rains during the nort.hwest mon- 
soon, while the other was less favorably situated. 
In general, there is an increase from sea level inland 

u to the highest points for which observations are mail- 
a i! le. As mgh t  be espected, there are many esceptioiis 
to the general rule which must be esplained on the 
ground of local environment and esposure to the ruin 
winds. 

TABLE 3.-Iwease of precipitation d t h  altitude, J a m .  

does not s ?I ed any light upon the cause of the Fery 

southeast monsoon is a t  its heig f- it. The masimum falls 

averages; for example, under Residency Pe K dongan, 

Table 3 sunimaries the results. 

iU. Mm. 
15 30 3,!?2!, 29 
5 148 4,263 12 
3 248 4347 7 

1 747 6’083 7 

4 1,082 4,542 2 

1 311 8’305 7 

1 9513 4 : s ~ ~  2 

SOUTH SIDE. 

dz. 
77 

142 
251 
351 
581 
757 

1,102 

- 
Residency Semsrang. 

Mm. 
1 .S36 
1:KiS 
2 4 3  
2:5Sl 
3.437 
3 015 
5:790 

ResldenCY heanger Remt- Residency Banjoemas. Residency Kedlrl. srhappcn. 

0-100 
101-200 
ml-300 
301-500 
501-750 

151-1 OOO 
1,&+ 

i- I Averaze. 

M 
7 21 
3 134 
6 269 

11 400 
24 632 
22 831 
2g 1,968 

I I 

The’ compilation in Table 3 shows that the average rate 
of increase on the north side up to 400 meters (1,312 
feet) is 333 mm. per 100 meters, or a t  the rate of 40 
inches per 1,000 feet. The rate dimiiiishes to the east- 

opposite. 
The alt,itucle of the zone of masinium precipitation on 

the n0rt.h siclo of the island is not. far from 1,000 meters 
(:3,%1 feet). On the south side it seems to be lower, 
although t.he data are not conclusive. In  the Preanger 
Residency n large number of records for elevations 500 to 
1,000 nietsrs are avnilahle. These records show a con- 
siderable decrense in precipitx tion from an average alti- 
tude ot 400 meters (1,813 feet) to an average of 632 meters 
(3,073 feet), and the decrense is continued up to t,he 
average level of 1,366 meters (4,453 feet)-the zone of 
highest average level for which observations are a railable. 

The rainfall of the Hawaiian Tslands belongs to a sim- 
ple type, being due mostly to the forced ascent of the 
nort.henst. trntles by the mountains t,hey encounter. 
tTsun!ly. t.liereforc, heavy rains fall on the windward 
slopes and vcqi litt.le rain on t.he leewarcl slopes. This 
condition, hnwewr, is reversed during the revalence of 
the so-called Konn st,orrrm The iianie “I&na” in Ha- 
w-tiittii signiiies t,he soutliwcst side or slope, and because 
thcse st.ornis are assncia.ted with southwest winds and 
heilvg rain on the Konn side of the islands the name 
ICona has cnie to r e p s e n t  I L  storm wit.h southerly wind 
and rain. 

These st,ornis sceni t,o be merely t.he trongh of n cyc.lonic 
depression whose center moves eastward north of the 
islnncls and is preceded by sout,heast shifting to south 
and southwest. winds, and sonict,imes tremendous rains 
not only on t,he slo es, but also on the lowlands. The 
troush iii.wes slow occuping two or t hee  days in 
passing across the r h y  are of infrequent occur- 
rence, 11s night be when i t  is considered that the 
haronietric grsdicnts usswiatd with them must be of 
suificient strength t.o overconio the nort,henst trades and 
prodiicc a mind from the opposite quarter. One or two 
well-developed IConn storms, however, nffect the rainfall 
of the island very nit~terinll~-, since niore rain may f d l  in 
a single storill t,lian usually i‘nlls in a year, especially on 
the sou tliwest slopes. Very st.riking contrasts are thus 
afforded in the annual precipitation of a series of years. 

In considcring the precipitation-altibude rela.tion in the 
I1awniia.n group, 1 have chosen but two examples, the 
first on the island of Oahu and the second on Hawaii. 

‘l’liere are tw.) niountai~i syst.ems on Oahu, vjz, the 
Koolau Ranoe in the northeast, estending the full len th 
of the islnnfi, the crest being a.pprosiniat.el 3.6 m 5 es 
(6 kni.) inland. 7’110 Wainnno Rnnw esten B s along the 
sout.hwest side parallel to the ICoorau Range. A cross 
section across t.lie Koolau Mountains in t,he vicinity of 
I-Ionolulu is easily construcDec1. (See fie. 1.) 

Beginning at  \iVainia.noln, at  sea l e d ,  with an annual 
averwe of 41 inches (1,041 Ikim.) considered ns unity, 
the foflowing re1:ttivc aniounts are obtained: 

N’ainiannlo, 25 feet ................................. 100 
Tantalus Peak: 

1.Rli.5 feet ...................................... 410 
1,360 feet ...................................... 250 

Kaliulo Peak. 1,200 feet.. ........................... 220 
Honolulu (W. 13.1, 99 feet ........................... 60 
Honolulu naval station, 6 feet.. .................... 50 

HAWAII. 
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e ' 
olsayl1 ................ 
Kurtimwn .............. 
Oh(17milee) ............ 
GlenWood ............... 
Volcano House ........... 

The distance in an air line from sea level a t  Waimanolo 
across the range to sea level a t  Honolulu is about 12 
miles (19 km). 

Tantalus Peak and ICaliula are on the leeward slope 
but near the crest. 

The rainfall 011 Tantalus Peak n t  an altitude of l,6G5 
feet (507 meters) is four times as great as at  sea level about 
6 miles (10 km.) distant, prnctica.lly the samc relation 
that holds at  Cherrapunji. Descending on the lee side 
of the mountains the rainfall rapidly diminishes to about 
half of the value i t  has a t  sea level on the \:-in<l\viwd side 
of the range. 

The rainfall at  Makapuu Point, the estreine soi1t.h- 
eastern tip of the island, a1 t,hough the nieasurcmcn t.s are 
made at an elevation of 570 feet (174 meters)-above sea 
level amounts to only 15 inches per aniiuni on the 
average. This is esplained by t.ho fact that there is no 
mountain back round for that part of t'he island. 

records of t.he !sland of Hawaii. This island, it will be 
remembered, contains t,he two great mountain ni:Lsscs, 
Mauna Kea and AIauna LOB, altitudes of 1:3,SO5 ant1 
13,675 feet (.1,30S and 4,165 mrters) respcctively. Rain- 
fall measurements have been macle on the sout,heast 
slope of the former at  an altitude of 6,450 feet (1,OCiG 
meters) and the record covcrs a period of a litt,le more than 
6 years. As compared 11-it.h the record at sea level at Hilo 
less rain falls at the elevation above illentionell than at sea 
level and t,his fact is confirnied by the records of the 
chain of stations a little to the south estencliiig from 
Olaa Mill, north latitude 19" 39', 4 miles from the coast, 
to Volcano House, about 35 miles (40 kni.) inland, ut an 
altitude of 3,984 feet (1,214 meters). The geographical 
coordinates of the stations and the relative amounts of 
rainfall on the average of about 15 years record, escept 
for the station Glenwood, for which but a single year is 
available, will be found in the sttttenients below: 

The scmnd c % ain of stations has been tiiken from the 

1 North 1 West 1 , longiLude. mrat im.  i Remerks. 
I---.-)- I 

Fcct. 
210 4 milss from ocean. 
6 U  1 mil-- from nccan. 

1,539 1 L ml!?s from occan. 
2,300 21 niiles iron1 weail. 
3,9?4 25 ~nlles Iroin ocem. 

records, although more extended observations will 
probably place it s1ight.l bclow 1 000 ~neters .~ 

(365 meters) gives an annual average of 2S0 inches (7,112 
mm.) as compared with 142 inches at  Hilo. 

The sout,hwest slope of Havmii as represented by the 
stabion at  Hilea about 2 miles from the coast and at an 
ele~ation of 310 feet (95 met.ers) affords an interest.ing 
esample of the influence of southwest storms on t.he rain- 
fall. In  1015 t,he rainfa.11 of the nine niont.ha January to 
Sept.ember was 19.13 inches (453 mm.). In  November 
of t.he same Seer, due to the revalence of I<on:t storms, 
the rainfall wa.s 20.4G inches EO9 mm.) and in December 
13.31 inches (33s mm.). Again in 1916, 15.98 inches 
(406 mm.) fell in January as against 0.10 inch (2.5 mm.) 
in the same m0nt.h of the previous year. Nine inches 
(939 mm.) of rain fell in two days, due to the prevalence 
of a Kona storm. 

There has recentljy come to notice an sccount of a rain- 
fall record kept! on the summit of Mount Waia.leaIe, eleva- 
t.ion 5,075 feet (1,lidG meters), Island of Kauai,Territory of 
Hnwnii (Science, NOT. 23, 1917). 

The mean of 5 yews' observations at  this place gives an 
annual average of 518.4 inches (13,157 mm.), a larger 
amount than has been recorded elsewhere in the Ha- 
waiian group. Mount Waialeale is the highest point on 
thc i s l i d  and is situnted very near its geogra hic cent.er. 

t>o det.erminc the increase in precipitation per t.housand 
feet,, but it must be much greater t,hm that found in other 
islands of the group. A station near thewinclward coast, 
Kilnuea, ele,r,ztion 343 feet (10.1 meters), has an annual 
arerage of 6 9 . 3  inches (1,755 nim.), an amount consider- 
ably less than is found at  sea level on Hawaii. If furt,her 
years of observat,ion should sustain t.he high average main- 
tained duiing the five years 1912-1916, Mt. W aideale 
will doubtless take rank as one of the rainiest places on 
the globe. The conclusion as to the hei h t  of the zone of 

apply to the Island of Kauai. 

An eleven-year recorc P at Hakaiau (Mauka) 1,200 fee 

On the windward side there are not sufficient o g servations 

masimuni precipit'ation on Hawaii evi 3 . ently does not 

increase of precipit.ation yit.11 increase o P elevation. 

WEST INDIAN REGION.  

Jamaica.-The Blue Mountains lie athwart the north- 
east trades and should afford good exam les of t,he 

The rninfn.11 rCgiino of the island is by no means simple, 
there being two distinct masimu, one in May and June, 
the ot,lier in October. 

Tropical disturbances which may visit the island in 
the period July to November are almost invariably at- 
tended by very great rainfall, hence the occurrence of a 
tropical st.orm in m y  one of the above-named months 
has the effect of changing the month of maxhum rainfall 
to the month in which the tro ical storm occurred. 

also attended by heavy downpours of rain. 
The heaviest rainfalls on the northeast coast and the 

nvera.ge for that part. of t.he island is, in round numbers, 
125 inches (3,115 mm.). Passing inland toward the Blue 
Mountain Range an average fall of 227 inches (5,766 mm.) 
is founil not, far from the coast at  an altitude of 600 feet 
(183 ni.). Still farther inland the measurements made at  
Blue Mountain Penk, altitudo 7,423 feet (2,26.2 meters), 
give 175 inches (4,445 mm.) as the average, an increase of 

Shallow cyclonic depressions in t P le winter months are 

8 Martin and P t w c  in Warer Sop~?lv Psper 319 TI. 45?, lwe the elovatlon of the zWe 
ofmarimurn prectpttation op Hawau at about Z , ~ O  rmt th2rn.1. 



38 MONTHLY WEATHER REVIEW. JANUARY, 1919 

47 38 
47 30 
47 25 
47 2S 
47 19 
47 14 
46 58 

but 50 inches (1,270 mm.) in a vert,ical distance of slightly 
more than 7,000 feet (2,134 meters). 

Port0 Rico.-The rainfall regime of Porto Rico is much 
the sanie as that of Jamaica. The rainfall is heaviest on 
the eastern slope of the Luquillo Mountains in the es- 
treme northeastern art of the island. From an annual 

off the northeast coast, the amount increases to 136 
inches (3,454 mm.) at Luquillo, alt.it.ude 1,200 feet 
(366 meters), an increase of 83 h h e s  (2,053 mm.); in 
1,155 feet (351 metere).' 

average of 54.81 inc ?I es (1,393 mm.) on Vieques Island, 

TEE UXITED STATES. 

Hitherto I have considered emmples drawn from 
tropical or subtropical re ons. Let us now .consider 

and Jkoclq bfountain Stat.es. The conilitions under 
which the precipitation of atmospheric moisture occu~s 
in this region are different from those which obtain in 
the trade-wind zones apd the Tropics hitherto considered. 
The weather controls in temperate Iatiturles are nlmqst 
exclusively cyclonic. It so hap ens that one of the chief 

lies to the northwest of the Pacific coast States, an that 
during the cold season cyclonic cont-rol of the weat.her, 
especially in western Washin ton and aestern Oregon, 

California., is practically continuous. There is, therefore, 
superposed upon the ascension+ movement of t.he air 
due to the mountain svstems which parallel in a general 
way the direction of the coast, an additional small ver- 
tical movement due to the cy.clonic influence. Hence 
it is not sur rising that the regon of g.eatest rainfall in 

Hitherto the data submitted hare shown II progressive 
increase in the absolute amount of precipitation from sea 
level inland as higher elevations were reached. This rule 
must now be reversed, since the absolute amount of pre- 
ci itation diminishes with distance from the ocean or 
ot Y-l er large boclp of mater. Other things being equal, 
the heaviest precipitnt.ion in the liiiitetf States should be 
found on the wst slope of the Olympics of Washington 
and the const range of California and Oregon; but other 
things a.re not equal, and, moreorer, the absence of rain- 
fall observations in thc wettest localities in those ranges 
malres i t  impossible to confirm this belief by actual gage 
records. 

!Che average annual precipitation on Tatoosh Island- 
a rock which stands 57 to 100 feet (17 to 30 nietcrsl above 
the ocean lerel a t  tlie mouth of the Strnit of San Juan de 
Fuca-is 88.78 inches (2,255 nim.). At Neah Bay, 7 miles 
east of Tatoosh Island, on tlie south shore of the Strait, 
the avera e annual precipitation is 105.31 inches (2,751 
mm.). &e heaviest precipitation of Washinoton is un- 
doubtedly on the west slope of the Olympic hountains, 
which occupy the greater part of the peninsula between 
the Pacific and Puget Sound. This mountain country 
is rugged, uninhabited, and nieasurenients of precipita- 
tion on the mountain slopes are not available. In tho 
absence of the definite measurements west of Puget 
Sound I was compelled to determine the rainfall prohle 
as it crossed the Cascades nnd descended into the arid 
region of the Columbia River Valley. Three railroad 
lines cross the Cascades, each of tEletii in a tunnel about 
1,000 feet (305 meters) below the suriiniit of the range. 
I have used the crossing o€ the Chica 0,  Milwaukee & 
Puget Sound Railway a t  Snoqualinie #ass and, in gen- 

exam les from temperate P atitudes, as the Pacific coast 

centers of cyclonic origin in t i e  P Northern Hemis here 

and to a less extent along. t 5 e northwestern coast of 

the United 8 tates is found on the Pacific coast. 

B 

---- 
aDr. 0. L. hal# In MOHT~LT WIATUSR I~EVIEW, 1000,37: 082-Q8& 

122 20 209 34.61 100 
120 55 667 57.a 167 
121 45 1,590 113.25 327 
121 25 . 3 Olio B6.48 280 

121 4 2,160 %'.OB 78 
120 32 1 577 10.27 30 

121 20 z h  70.16 203 

era ,  the line of stations followin the Northern Pacific . 
westward to Seattle and eastwar d into the valley of the 
Yakinia and finally into the Columbia River Valley at 
Kennewick, Wash. Tlie record of but a single year, . 
1916, has been used. The geographical coordinates of 
the stations and the relative amounts of precipitation, 
Seattle annual being :onsidered as unity, appear in the 
table below. 

Fed. Znebu. 

1:076 7.27, 
46 20 120 00 
46 28 119 15 

Beattle.. ....................... 
Snoquslmie Fall#.. ............ 
Cedar Lake.. .................. 
Sooqu Imle paar ............... 
Lake Keeehelus ................ 
Lake Clealum .................. 
Ellenburg. ..................... 
North Yakims ................. 
Suunyride. .................... 
Kennewick.. .................. 

21 
21 
35 

I I [ Precipitation. 
North M:'eSt 

RPIatiVO latitude. longilude. Elevation. I I I 1816 I 8Il lOUntS.  

I I 1 I 

ne. 2.-P&pitatim-altitude relation, Westem United States. Solid Iines-Proflleu 
d mtions. Dashed lines-Relative amount of predpilation In percentages. 

The zone of maximum recipitation in Washington and 

the windward of tlie mountains, as was pointed out by 
Hill for India many years ago. Froiii the level a t  Sno- 
qualmie Pass to Lake Clealum, where the rainfall begins 
to diminish sharply, the distance is 37 miles (43 km.). 
m e  diminution of precipitation on the leewtwd side of 
the Cascades of Washington does not appear to be so 
shar as on the lee side of the Sierra Nevada in central 

is 1,000 feet (305 meters) above the raiiifallStation. (&e 
fig. 2.) 

In  Oregon the physiographic features are much the 
same as in Washington, although the mountains of tlie 
const range do not reach the altitudes of the Olympics of 
Washington and no railway cmsses the Cascades; hence 
a chain of stations crossing the mountains is not avail- 

in many other parts of t g e world is a t  some distance to 

Cali P ornia. The crest of the range a t  Snoqualmie Pass 
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No.1 .................................................. 
No. 2 . .  ................................................ 
NO. 3 . .  ................................................ 
N0.4 .................................................. 

39 

Fnl. 
230 

1,013 
2,411 
3,500 

able. I have assembled, however, the data for the con- 
struction of a profile of the annual precipitation beeinning 
at Tillamook, on the bay of the same name. ascengn tl:e 
coast ran e, thence descending into the Willamettekal- 
ley, and t ence ascendin to Government Cani , a station 
on the south slope of ount Hood a t  an eevation of 
3,897 feet (1,188 m.). The cross section is incomplete, 
but the best available. The geographical coordinates of 
the stations and the relative amounts of annual precipi- 
tation a pear in the table below. Average values are 
used. !t!llamook, with an annual average of 103 inches 
(2,591 mm.), considered as unity. 

%i f f 

TUlamook ...................... 
Glenora ......................... 
Forest Grove .................... 
Portland ........................ 

StatlonS. 

0 ,  

45 27 
45 20 
45 21 
45 32 

Nprth 
latitude. 

- 
1 Precipitation. 

1 Feet. Inrlrrr. 

123 50 I 575 1:m 0 
123 5 ’ 220 51.0 

123 5 1 ,  20 1 102.0 

122 41 1 44.5 
122 12 I ;E 1 7Y.o 
121 57 i 82.0 
121 61 I 3:NO 86.0 

Relative 
amounts. 

loo 
120 
50 
44 
77 
80 
84 

Ca7~ornia.-A very coninion esample of the increase of 
precipitation with increase of altitude is :ifforded by tlic 
chain of stations along and near the Southern Pacific 
Railroad froni Oakland, Cal., across the Sierra Nevndn, 
descendinz thence to the cky region of tho C h a t  1iit.erior 
Bash in Nevada and Utah. 

Ten-year means havc bccn computed for a chain of 
stations be ‘nning a t  Oa.klsnd, Cal., and ending ut Reno, 

appear in fig. 2. Oakland, the base station, is at  sea levcl 
direcdy across the bap from San Frmcisco. The nwrngc 
annual precipitation IS 24.30 inches (61’7 mm.). 

I 

Nev., und t ff le results are gken in the table below, and also 

~~~~~1~ Stitlmur i Eievation.1 ~~~~~. 
~~ 

II 

Oakland.. 
8acramento. 
Roclilin ............ 
New Castle 
Auburn ............. 1,363 1 
COlIar ............... 2 421 
IowaHlll ............ 1 2;Ei  1 
Qold Run.. ......... 3,222 

i Feet. 1 
Towle.. ......... ...I 3,612 1 
Blue Canon. ...... .! 4 695 
Emigrant Gap ..... i 230  I 
C k o  ............... I 5 ‘JW I 
Sominit.. ........ _ _ i  7’u17 : 
Trucliee ............ ~ S:EO I 
Bora ............... I 5.W1 
Reno (Nev . ) .  ..... .; 4,4M 1 

I 

241 
304 
243 
244 
223 
118 
€3 
35 

Alexander McAdie shows thnt the averngc rate of in- 
crease on the west slope up to 1,500 meters is about 75 

er 100 meters; and from the summit down the 
east mm. sope s the decrease is 147 mm. per 100 meters of 
det3cent.l 

According to the above table, the zone of maximum pre- 
cipitation in the Sierra Nwada is somewhcre netw 1,500 
meters (4,991 feet). The fact thnt i t  varies in nltit.izclo 
with different st.or1nr was hrought to the wri t.er’s rit.t,en- 
tion by an esnininntion of tho records of t.mo heavv rain- 
storms in southern C~ili€orni:t in Jmuary, 1914, and 1918. 
res ectivdy. & may easily happen tlis t the nir in one st,onn is ncarei’ 
to saturation than in nnothcr mcl t l i iv  is prohhlj- tlic 
explanation of the differencc io the rohtire ainoiints in 
the two storms. A second es:imple of the prc.cipi!.:it.ion 
altitude rcltttion in Cdifornia, consisting o€ but four 
stations, beginning at  Fresno in the Great Valley OI Cali- 
fornia and rtscending the riiouiitains near that place, 
follows: 

’ 

t Alexander McAdie ‘#The rainfall of Callfomh I’ Univ. Ca111. Oeogr. Pub., 1914. 
I : ~ - w J ,  p l ~ .  ~ 1 - a  (keview. science, 191.1, n. 8 .  &I. 40. pp. 2e30.1 

100 

50.16 440 

This group of stations is about 1SO miles (‘790 km.) 
south of tho Union Pacific group and in a region of less 
rainfall. The increase in precipitation on the west slope 
of the Sierra Nevada from the floor of the Great Vdley 
to the 5,000-foot (1,524-meter) contour, according to 
Chas. 13. Lee, is S.5 inches er thousand feet (70 mm. 

F ornia where the zone of ninsimuni rainfnll is much 
higher, the precipitation increases about 50 mm. per 100 
meters (G in. er 100 ft.) up to 2,500 meters. 

Tho rate o increase of recipitation with incroasing 
deration is not so wcll mar -cd east of the Sierra Nevada 
and the C!ascnde Rttnges, but is st.ill a chariicteristic of the 
high-level climate between the ranges above named and 
the Rocky Mountains. 

Ida..Ao.-The elevated regions of Idaho are in the 
east.ern part of the Stitte, particularly along t.he Montann- 
Idaho boundary. There IS also :I central plateau reoion 
whose general elevation slight.ly exceeds 5,000 Sect 
(1,524 meters), with mountain ranges and isolated peaks 
consiclcrnblp higher. The precipitation of this central 
3 enii region and also of the southeastern plateau is P” igli t regardless of its altitude. While no measurements 

have been made in the mount.ain slopes, the ccntral 
plnt.eau records niibint,nined a t  points between 5,000 
(1,524 meters) and 7,000 feet (‘2.134 meters) elefation gen- 
erally indicate an annual rainfall of less than 20 inches 
(.505 nirn.1. The region of masimum precipitation, 35 
to 45 inches (8S9 to 1,143 mm.) annudlg, is found on the 
western slopes of the Cabinet and Coem d’Alene Ranges 
and probably also on the westcrn slope of the Bitter Root 
Range. I ani able to present the records of four stations 
beginning a t  Cocur d’Alcne at t-lie north end of the lake 
of the same name and estending to the rillwe of Burke, 
.iO miles (80 kin.) c:tst-northenstm of Cocur 8’Aleno and 
about 2,000 feet (610 meters) higher. The details of the 
stnt,ions appoar in tlie table below: 

er 100 m).8 A. Mcildie s Yl ows that in southern Cali- 

R P 

- --- .- 
I I i I I Predpltetion. 

Copur d’Alene.. ................ 100 
Kellogg ......................... 132 
Wdlace ......................... 170 
Burke .......................... 164 

I I 

These rccords, for 1916 only, show that with an in- 
crease in elevation of 1,935 feet (555 meters) there is an 
increase of 1S.03 inches ($55 mm.) in the annual precipi- 
tation. This increa.se corres lands roughly to an increase 

75 mni. in 100 meters. 
The region here considered-the northern part of the 

State-has a fairly effective niountaiii background in 
the Cabinet and Coeur d’ Alene ranges whose summits 
scarcely escced e,OOO feet in altitude although individual 
peaks may he higher. This region is, moreover, in the 

of 0.4 inches per thousand I eet, or, in metric measures, 

. - . - ~  
0 MONTHLY WEATRBR REVIEW, 1911.34: 1ODO. 
Loo. at. 
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I 
1 

I *ltlt~de- 

- ~- i Fert. 
No.1 ........................................................... 9,601 
No.? ........................................................... 9.609 
N0.3 ........................................................... 9.428 
No.4 ........................................................... 9.434 
N0.5 ........................................................... 10.949 
W0.6 ........................................................... ~11.200 
N0.7 ..................................................... f ..... '11.200 
~ 0 . 8  ........................................................... 1 i i , 5 w  

direct path of travelin cyclones which move inland 

to receive enerous precipitation than the regions farther 

A second line of stations leading from the Snake River 
ValIey at Lewiston, altitude 757 feet (231 meters) in a 
southeasterly direction to the rolling country in Lewis 
County a t  general elevation of about 3,000 feet (914 
meters) was made by using the records of the following 
named stations. 

from the Pacific and is, t % erefore, more favorably situated 

to the sout fl ward. 

Averwe 
annual 

tntion. 
preripl- 

Inrhea. 
21.12 
20.31 
20.88 
20.21 
X i 6  
21.59 
25.50 
2e.M 

Statlon. 

Lewiston. ................................. 117 M 17.40 
Culdesac ................................... I ii! I 116 42 1 1,;; I 20.62 
Nerpem .................................. 116 19 3,053 23.45 

The above records show that with an increase in 
altitude of 2,325 feet (709 meters) in a horizontal dis- 
tance of about 40 miles (64 km.) precipitation for the 
single ear of 1916 increased roughly 0 inches (152 nim.), 
or a t  t % e rate of 2.6 inches per 1,000 feet (33 mm. per 
100 meters). 

Utah and Colorado.-There is an increase in precipita- 
tion with increase of altitude on the southwed slope of 
the Wasatch Mountains, but sufficient data are not 
available to show definite results. At the Utah Experi- 
ment Station, maint.ained b the Forest Service in coop- 

seasons June to September, inclusive, at altitudes be- 
tween 8,000 and 10,000 feet (2,438 and 3,048 meters) 
show an increase of approximatelv an inch er t.liousand 

10,000 feet (3,048 meters) elevation was, however, only 
60 per cent of that of the previous year. It is interesting 
to note that stations at the foot of the Wasatch, elevation 
about 5,000 feet (1,524 meters), showed the same dis- 
parity between the rainfall of the years 1914 and 1915, 
the latter being exactly 60 per cent of the former on the 
average of four stations, thus. showing a variation in the 
same sense a t  both low and hlgli-level stations. 

The precipitation observations at Wagon Wheel Gap 
Experiment Station, maintained by the two services 
above mentioned, aft'ord inforniation of great interest for 
a section of marked contrast in topography far removed 
from the ultimate source of moisture. At this station, 
detailed measurements of precipitation are made on the 
eastern slo e of a mountain mass which rises from an 

of the Rio Grande to a little more than 11,000 feet (3,353 
m.) a t  the top of the experimental area. 

Records of precipitation are now available for a 
seven-year period at points which, for convenience, may 
be designated as follows: 

eration with the Weather Jir ureau, obscrvations for two 

feet (8 amm. per 100 meters). The rainfa B of 1915 at 

elevation o F about 8,400 feet (2,560 meters) in the valley 

Conlhining the stations in two grou s, an upper and a 
an increase of 

approsimately 3.3 inches per 1,000 feet (2s mm. per 
100 m.). 

E& qf the Roclay Jfou.ntn:ins.-The highest point in the 
United States east of the Rocky Mountains is Mount 
Mitchell, N. C. Fortxnately for our purpose, eight 
months, rainfall observations on the top of that mountain 
are available. The rain winds of North Carolina are 
mostly easterly and southerly. But at  times they ma 

Mount Mitchell is a part trends in a general northeast- 
southwest direction ; consequently the full effect of the 
rain winds is esperienced onlv when they are from the 
southeast. The labor of classifying the rainfttll according 
to the direction of the wind is scarcely warranted by the 
probable value of the re.su1t.s. I have, therefore, used the 
full eiiht months' period durin which the precipit,ation 

amount with the tot,als for the corresponding period at 
lower 1eTelS. The results are set forth in t,he t.ahle below. 
The cross sect.ion is made from Hat,teras on t,he coast t,o 
Mount Mitchell in an almost due elst-west line, departing 
north or south therefrom only sliEhtly when necessary to 
in( lude a connecting stat>ion. The last-named station 
in the table is not a part of the cross section but is added 
because it is representative of a region of heavy rainfall 
with southeast winds. The station at  Hot Springs, Tenn., 
is representative of the region to the northwest of the 
mountains and in their rain shadow. Newport and &os- 
ville; Tenn., are both west of Mount Mitchell and should 
show an increase in precipitation with sout-liwest winds. 
Both stations have slightly greater rainfall than was 
recorded at  sea level in about the same latitude. The 
mountain effect at  points west of Mount Mitchell is 

lower, it  is found that there is, rougily, r 

be from any quarter. The mountain systeni of whic t 

was measured on Mount Mitc hc f 1 and compared the total 

apparently very small. 
-- 

I 
Nwth latl. 

tudc. StatlOnS. 

Hatteras.. .................. 
ancnvllle ................... 
Raleigh. 
Ramrur.. 
Salisburv.. 
statesvillc.. ................. 
Momuton.. ................ 
Marion.. .................... 
Mount Mitchell 
Newport Tenn 
Knoxvirl'e Tcnn.. 
Hot Sprinb, Tcnn. 
Rock House, N .  C ........... 

.................... .................. .................. 

.............. .............. I .......... ......... 

. ,  
35 15 
55 37 
3545 
35 45 

35 47 
35 45 
35 41 
35 43 
35 58 
35 56 
35 53 
35 0 

35 40 

Rest  lon- 
gitude. 

D ,  

75 40 
77 22 
78 37 
79 39 
80 28 
81 53 
81 41 
83 1 
82 18 
83 12 
83 58 
83 49 
83 10 

Llevatlon. 

Fed. 
37 
75 

390 
442 
764 
850 

1 135 
1: 425 
6 711 

997 
1,320 

1: 110 

3. 

Predpitation. 

Total. 
- 
Inches. 

35.70 
29.92 
33.76 

47.95 
54.89 
47. -29 
51.86 
81.90 
36.62 
36. 53 
31.74 
w. n 

w. ni 

-- 

Xelatlve 
mounts. 

100 
84 
85 
85 

134 
154 
132 
145 
230 
1@3 
102 
1 89 
'253 

I Western foothills. 1 About 80 miles southwest of Mount Mitchell. 

SUMMARY. 

The main features of the precipitation-altitude relation 
are essentially as follows: 

1. The trend of the mountains must be in such a direc- 
tion as to cause an ascent of the air nimses which en- 
counter them. Mountain systems whose axes are arallel, 
or nearly so, with the disection of the rain win B s cause 
little or no increase in recipitation. 

reat importance; the steeper the slope, other things 
%eing equal, tho greater the preci itation. T h o  uantity 

upon the initial tamperaturc and relative humidity of 
the air at  the beginnine of the scent .  Obviously, it  
also depends, in no sma71 degree, upon the duration of 

2. The inclination o P the slope of the mountain is of 

of rain or snow which falls anyw R ere is also con 8 itioned 
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the winds from the rain quarter, or, in other words, 
upon the rate of movement of the atmospheric disturh- 
mce with which the rain winds arc assotintcd. 

3. The altit.ude of the zone of masiniuni provipitation 
n pears to vary slightly with latitude, being lowest in 

in temperate latitudes, say, hetwcen 1,409 meters and 
1,500 meters. I t  hcls also a seasonnl variation, heing 
highest in sunimer and lowest in win tt?r.’O 

t R e Tropica-a little less than 1,000 iiieters-and higlirst 

ALTITUDE EELATIONS OF RAINFALL IN PBANCE. 

By E. lf.4TFlIAS. 

[.lbrbad: “Ls pluie en France, etc.” C. R .  Paris Acad., 1918, 168: 105-109: 239-X.1 

The precipitation-dtitude relation in France niay he 
expressed closely uith the forniula, R=H1 + k 9  -k’Ai2J 
in which R represents the railifall in millimeters at nlti- 
tude A (in meters), Rl the rainfall at n lowlnnd station, 
k the coefficient of increase with rtltitude, and k ’ d ?  a 
terni to  take care of tlie decroase of rsiiifnll a l>o~c  R cer- 
tain elevation. For the Puy du Dome, and pro1)alily for 
the rest of France, L’ is 1/20,000; tlius, the f(jrl i idn he- 
comes, R=Rl  +kA -3 (A/] OO)?. On a ma of Fraricc 

k varies uniformly with htitude, rnuging from 0.5 in 
the Pyrenees (lat. 43’) to 1.2 in the iiorth (lat. 50’1.- 

the author shows the v:tlues of X. for each ii epartment. 

c. r. 6. 

THE CONSERVANCY WEATHER AND FLOOD WARNING 
SERVICE. 

[From T L  Miami Conservancy Bullotin, Da ton, Ohio., Jm., 1919, vol. 1, No. 6, pp. 
93-94 .j 

During the construction of the flood-prevention works 
it is of vital necessity that tlie District he informed as 
much in advance 9s possible of even slight flood stages in 
the river. There is much construction equipment, such 
as drag lines, railway tracks, locomotives, pumps, and 
motors, which must be used in or near the river hottonir, 
and failure to rotert i t  from floods would mean very 
serious loss an5 delays. It also is desirahle that the 
people of the valley receive all possible advance notice 
of any floods that may occur before tlie flood prevention 
works are completed, so that they may not again be 
taken unawares as in 1808 or 1!113. 

Perceiving the necessity of this, tlie Conservancy Dis- 
trict in 1913 estuhlished a flood-warning servire, under 
the direction of Mr. Ivan E. IIouk. At that time there 
were only 15 stations in the Mianii wateislied where accu- 
rate measures of rainfall were made, and only three 
where careful measures of the river stages were made. 
Steps were at once taken, in cooperation with the United 
States Weather Bureau, to increase the number of these 
stations. The Government and the District together 
established four new combined rainfall and river sta- 
tions; the District alone estalJished eight combined sta- 
tions and 13 river stations; aiid the Weather Bureau 
alone established 10 new rainfall stations. Thus tlie 
river stations were increased from 3 to 25 and the rainfall 
stations from 15 to 37. These are scattered throughout 
the Miami Valley, and by means of daily observations 
a close watch is ke t on river stages and rainfall. In 
weekly to the district forecaster, but in times of storm 
or impending flood they are sent in bv telcphone or tele- 
graph as often 9s is necessary. Tile forecaster may have 

ordinary weather t P lese observations are transniitted 

“ A m y  comprehensive discussion of tho precipitstion-dtitude re!a:ion for tbn Brit  
Lah Isla will be found in a pn 0r by Salter 0 The Relition of Rainfall to Contlgura- 
tb& (Landon hStltUtl0D O?W*tW Ellg&&. lQl8,37 pp., 2 PI.) 

to get up at  midnight or at  1 or 3 o’clock in the morning 
to receive them and, in turn, to arouse the Conservancy 
engineers and otlier people whose property may be - -  - -  - 
tliFeat.ened. 

The flood-warning service - .  is as raluahle . _ .  in . preventing 
unnecessary cxpcnse and alarm as it is in giving alarm 
when danger really impends. The memory of the 1913 
flood is still fresh in people’s minds. On January 31 and 
March 27, 1916, for instance, when the weather and river 
conditions seemed ominous, many would have moved 
out of their houses, farmers would have moved their 
livestock, construction companies their e uipment, and 
mercli~nts their stocks of goods, if they 7 iad not been 
assured that such st.eps were unnecessary. On the first 
of these dates two of the Conservancy engineers devoted 
their entire time all through the day and following night 
to answering telephone calls rega.rding river conditions. 
Two men of the United Sta.tes Weather Bureau were also 
on duty from early niornina until lat,e at  night answering 
such calls, which totaled agout. 1,600 in number. These 
inquiries came from all parts of the valley, from Piqua 
on the north to Haniiltoii on the south. At the same 
time an engineer experienced in flood iighting was sent 
to each of the cities where conditions seemed dangerous, 
to work with the local officials in taking such steps as 
might be necessary. 

&4n instance of the value of such service in property 
conservntioii is the case of the Esterline Co., of Lnfayet,t.e, 
hid. This company had only 4 or 5 hours’ notice of the 
flood in 1913, but in that time it moved from its build- 
ings about. $100,000 worth of mercha.ndise, and all of its 
records, o fhe  furniture, and fixtures. The helt.ing was 
removed froin the machinery, which was then heavily 
coat,ed with grease. By these precautions the company 
prevented an estimated loss of $60,000. 

It is evident that such a service may well be t-he means 
of saving lifo as well as propert by warning people who 
live on low ground to move w z en dangerous floods im- 
pend. 

It will be clear from what has heen said that t.he service 
of the flood-warning bureau is of great value, both to tho 
Conservancy district in its work and to the people of 
the valley, aiid that compared with its value it is very 
inexpensive. A considerable part of t.his expense, more- 
over, is borne by the Federal Government.’ 

ADDITIONAL NOTE. 

By It. FRANX YOVNO, Meteorologiet. 

The Miami River a t  Dayton has not reached the flood 
stage since the destructive flood of March 25-28, 1913, 
the nearest approach to flood since the latter date being 
on January 31, 1916, when i t  reached a stage of 14.7 feet. 

The flood stage at  Dayton is 18 feet, but as the levees 
afford protection to about 5 feet above this t,here is no 
real danger to the city till the water rises above 22 feet. 
It has been the experience of the Weather Bureau office, 
howeyer, that a period of unusually heavy rains, with a 
rise to 12 feet or above causes much ansiety among the 
people living in the lower districts, and this may easily 
develop into something approaching a panic by the 
spreading of false rumors as to warnings. The telcphone 
is, of course, an indispensable means of disseminating 
information at such a time, but in some instances the two 
telephones in use proved wholly inadequate to meet the 

[Dated: M‘eather Burosu, Dayton, Ohlo, Feb. IO, 1919.1 

I Sm also W. A Drake “The Yismi Conservancy Flood Provontion Plan,” Sol. 
Am., bier. ia, 1019; pp. AZB. ~99-300,5 ne. 


